Quality evaluation of agricultural and food products is important for processing, inventory control, and marketing. Fruit surface defects are important quality factors for the jujube industry, especially for high quality jujubes such as Xinjiang red jujube. This paper presents the development and test results of a machine vision system for automatic jujube surface defects detection. Unlike other near-infrared spectrometric approaches, the developed machine vision system uses reflective near-infrared image to evaluate jujube quality by analyzing two-dimensional images. Near-infrared image, vision algorithms and a variety of operational details of the system, including cameras, optics, illumination, and fruit carrier are presented. The complete machine vision system has been built, and the experimental results show that the designed machine vision system is feasible to detect the defects of jujubes.
Introduction
Xinjiang is the world's largest red jujube production base. The planting area is over 300,000 hectares and the production is over 260,000 tons each year. However, the surface defects such as mildew, insect pest, bird peck and phytotoxicity seriously affect the quality of red jujubes, and thus it is necessary to remove the defect ones from the normal ones. Generally, the defects detection of red jujubes mainly relies on manual that is heavy workload, low labor efficiency and poor accuracy. However, machine vision system, with the advantages of nondestructive, high efficiency and accuracy, has been widely used in grading and quality estimation of agricultural products.
Researchers have developed a variety of machine vision system for a wide range of agricultural products, including potatoes [1] , mango [1] , citrus [2] , starfruit [3] , grain [4] , peach [5] , apples [6, 7] , chestnuts [8] , Medjool date [9, 10] . However, few papers on red jujube quality evaluation, especially the surface defects, have appeared in literature.
Most related works described in literature are based on RGB color machine vision. However, conventional color cameras are poor identifiers of surface defects because of low contrast between defective region and normal region. This paper presents the development and test results of a machine vision system for automatic jujube surface defects detection and the developed machine vision system uses reflective near-infrared image to evaluate jujube quality by analyzing two-dimensional images. Vision algorithms and a variety of operational details of the system, including cameras, optics, illumination, and fruit carrier are presented. Although the system is specific to the jujube industry, the technique employed could be adapted to other fruits with the shape of sphere or ellipsoid.
Machine Vision System
The machine vision inspection system consists of four major components: optics, lighting, industrial computer and carrier. Fig.1 shows the schematic diagram of the system. The optics is composed of HD-HV1351UM CCD camera, Computar lens with an optical filter (760nm) and two NIR lights. Image acquisition and processing tasks are performed with a frame grabber board and a commercial PC respectively. The carrier mainly consists of chains, conical rolls, driving wheel and friction belt.
The conical rolls are uniformly mounted on the chains at certain intervals and the chains are driven by the driving wheel, which leads the jujubes on the rolls to move forward. Meanwhile, the friction belt makes the rolls rotate, which leads the jujubes to rotate. Therefore, the cameras can obtain the full surface image. Fig.2 shows the jujube surface images obtained by the system.
Fig.1 Schematic of vision inspection system

Fig.2 Four sequence images of a jujube
Image Processing
Image Preprocessing
Through image preprocessing, the noise and background will be removed, and the object region will be obtained. From Fig.2 we can see that the intensity of the object and background has significant difference, hence we can use a simple threshold to segment the object. However, some holes might exist in the object region after segmentation, and we can apply morphological filling operation to fill the holes. Till then, the binary image of the object is obtained, as shown in Fig.3 . Finally, a mask image, established based on the binary image, is employed to do dot product with the original image, and then we acquire the gray image of the object which will be used for defect detecting. Fig.4 shows the obtained gray image of the object region. 
Gray Correction and Defect Detection
Most related works discussed the gray correction under the assumption that the shape of the detected fruit is sphere or ellipsoid. However, the actual shape of the fruit does not satisfy the assumption, which leads to the fail of gray correction. Li Jiangbo [11] proposed a gray correction method based on an illumination reflectance model. The method was implemented in the frequency domain and was composed of discrete Fourier transform, Butterworth low-pass filtering and inverse discrete Fourier transform. Unfortunately, the computational complexity of the method seriously influences the application in online inspection system. Hereinafter, we propose an improved algorithm which significantly improves the real-time performance.
Supposed that f(x, y), h(x, y) denote an image and a filter respectively, then the luminance image can be expressed as ( , ) ( , ) ( , ) I x y f x y h x y = ⊗ (1) Where, I(x, y) denotes luminance image and ⊗ denotes convolution. The acquisition of luminance image depends on designing an appropriate filter. In the process of acquisition of luminance image, we design a spatial mean filter instead of Butterworth low-pass filter. Assume that the size of an image is M×N, and the size of the mean filter is m×m. Through a large number of tests, the size of the mean filter can be determined by min( , )
Where, min (M, N) represents the smaller one between M and N. Fig.5 shows the luminance image obtained by mean filtering. 
Where f(x, y), I(x, y) and f'(x, y) denote the original image, the luminance image and the image after gray correcting respectively. Generally, we use Eq.4 to limit the gray value between 0 and 255. Fig.6 shows the image after gray correcting. Compared Fig.6 with Fig.4 , the gray distribution of the former is evener than that of the later, especially in the edge region. Moreover, the defective region in the former is more obvious than that in the later. Consequently, it is feasible to use a simple threshold to segment the defective region. Fig.7 shows the result of simple threshold segmentation (the threshold is 170) and we easily find that the defective region is split out successfully. Fig.6 Image after gray correcting Applied Mechanics and Materials Vols. 303-306 575 Fig.7 The binary image of defects
Experimental Analysis
During the experiment, the expert selected two kinds of Hetian red jujubes: normal jujubes and jujubes with defects of mildew, insect pest, bird peck and phytotoxicity. 800 images were captured by the image acquisition system built above, including 80 images of insect pest, 60 images of bird peck, 200 images of mildew, 60 images of phytotoxicity and 400 images of no defect. Fig.8 shows parts of normal and defective jujubes respectively. The method proposed by Li Jiangbo [11] and the method proposed in the paper were used to detect the defective region respectively. Fig.9 shows the defective region detected by the two methods. The experimental results, as shown in Table. 1, show that the detecting accuracy of the two methods is same. The detecting accuracy of normal jujubes and jujubes with defects of mildew and insect pest is up to 100%, the bird peck is 86.7% and the lowest one is phytotoxicity, which is only 76.7%. Meanwhile, for an inline inspection system, the real-time is significant. Compared the runtime of the two method, the method proposed by the author needed 44ms and the method in literature needed 72ms, that is to say, the proposed method improved the speed by 38.9%. Therefore, the proposed method in this paper can significantly improve the real-time of the online inspection system. insect pest bird peck mildew phytotoxicity norm 
Conclusions
In this paper we built a vision inspection system and developed an image processing method for jujube defective detection. Compared with the method in reference, the proposed method not only can obtain the same detecting accuracy but can improve the processing speed by 38.9%. The proposed method is feasible to detect fruit with the shape of sphere or ellipsoid. Analyzing the experimental results, we observed that detecting accuracy of the bird peck and phytotoxicity is low, only 86.7% and 76.7% respectively. For bird peck, the defective region and normal region have similar grayscale which lead to lower detecting accuracy. For phytotoxicity, the characteristic of the defect is that the surface of jujubes is covered by small black points which are easily buried in gray correction.
Our future work will focus on improving the detection accuracy of the bird peck and phytotoxicity, as well as color vision system for jujubes maturity detection and mechanical design of automatic jujubes grading system.
